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Abstract—Cubic tungsten carbide WC1-x is distinguished by 
the difficulty of obtaining in a dispersed and bulk form. The 
article attempts to plasma dynamic synthesis of cubic tungsten 
carbide in powder form. The method is based on the use of a 
coaxial magnetoplasma accelerator for the generating a 
supersonic plasma jet, which is then rapidly cooled. The 
possibility of obtaining a powder with a predominant content 
of WC1-x (up to 95%) is shown. Studying the influence of the 
method of an arc discharge initiation allowed to reveal the 
efficiency of using graphitization in comparison with carbon 
fibers. 
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I. INTRODUCTION 
Currently, a particularly pressing problem in the industry 
is the production of superhard and refractory materials. 
Carbides of transition d-metals of groups IV-VI have the 
such properties [1], [2]. Carbides are widely used in the 
production of materials for work under high loads and 
temperatures in corrosive environments. One of the notable 
carbides is tungsten carbide. Tungsten carbide has a high 
melting point, hardness, wear resistance, chemical resistance 
[3]. Along with high hardness and melting point, tungsten 
carbide has a high modulus of elasticity and a low coefficient 
of thermal expansion than carbides of other metals of the 
group. The combination of WC properties allows it to be 
used in the processing of various materials, including as an 
abrasive material [4]. 
The dominant phase in the tungsten-carbon system is the 
hexagonal stoichiometric phase WC. However, according to 
the state diagram, there are also phases W2C and WC1-x [5]. 
The last crystalline modification is characterized by 
increased electro- and photocatalytic activity [6]–[9]. The 
WC1-x cubic phase is known for its narrow range of 
temperature stability, which makes its production laborious 
compared to hexagonal phases [10]. The attempts to obtain 
cubic tungsten carbide in a dispersed and bulk form are 
known [11]–[17], however, until now, methods of synthesis 
of WC1-x are not effective enough. Therefore cubic tungsten 
carbide WC1-x is the object of active research now. It is 
known that the cubic phase WC1-x can be synthesized by 
ultrafast cooling of tungsten carbide melt at a speed of 108-
1011 K/s [18]. 
Plasma dynamic synthesis of various powder materials 
and coatings is one of the promising synthesis methods. This 
method has already been used to obtain carbide compounds 
in ultrafine form, in particular, silicon carbide [19] and boron 
carbide [20]. In the present work, plasma dynamic synthesis 
is used to synthesize cubic tungsten carbide, since it provides 
the heating to a high temperature required for the formation 
of this phase and rapid cooling. An important task of the 
study is to determine the most effective way of initiating an 
arc discharge, which may influence the precursors 
sublimation process in the zone of plasma structure 
formation due to preionization [21]. 
II. EXPERIMENTAL 
The synthesis of ultrafine cubic tungsten carbide was 
carried out using a high-current pulsed coaxial 
magnetoplasma accelerator with graphite electrodes 
(CMPA). The CMPA was powered from a capacitive energy 
storage device with a capacitor bank capacity of C = 6 mF 
and a charging voltage of U = 3 kV. Two series of 
experiments were carried out with different methods for 
initiating an arc discharge a plasma flow in order to 
determine the most effective way. Carbon fibers and 
graphitization were used as an initiating way. Fig. 1 shows 
the assembly of a central electrode using different methods 
of plasma jet initiation. In the case (a) the carbon fibers were 
stretched from the bottom of the zone of plasma structure 
formation to the outer cone-shaped surface of the insulator 
which is the place of contact with the graphite electrode. In 
case (b) a thin layer of graphite aerosol was placed on the 
inner surface of the zone of plasma structure formation, as 
well as the surface of the precursor embedded into the zone 
of plasma structure formation. 
A micron tungsten powder with a mass of 0.5 g was used 
as a precursor, which was placed into the zone of plasma 
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structure formation at the beginning of the accelerator 
channel. Obtaining carbon was carried out by means of 
electric erosion when the plasma structure of an arc 
discharge was moving through a graphite electrode. 
Fig. 1. The assembly of a central electrode using different methods of 
plasma jet initiation by carbon fibers (a) and graphitization (b) 
After the power switch was closed, the discharge current 
of the capacitor battery began to flow through the zone of 
plasma structure formation, the arc discharge was initiated, 
and the plasma structure containing the precursors was 
formed. An electrical erosion of material occurred from walls 
of a graphite acceleration channel when a plasma flow 
moved. The plasma flew into the space of the reactor 
chamber, the synthesized material cooled down and 
deposited on the walls. 
The obtained powder products were analyzed without 
prior preparation by X-ray diffractometry (XRD) on a 
Shimadzu XRD7000 diffractometer (Cu-Kα radiation). The 
quantitative X-ray analysis was carried out by the Rietveld 
method using the PDF2+ structural data base and the PCW 
software package. The study of the morphology of the 
particles and the particle size distribution of the obtained 
powder was carried out by a transmission electron 
microscopy (TEM) using a Philips CM 12 microscope with 
functions of a microdiffraction on a selected area (SAED) 
and obtaining dark-field images. 
III. RESULTS AND DISCUSSION 
During the experiments, it was assumed that the way for 
initiating an arc discharge affects the phase composition of 
the synthesis product by changing the nature of the precursor 
transition to the plasma state. The phase composition of the 
product is determined by X-ray diffraction. Fig. 2 shows the 
typical XRD patterns of powders obtained by different ways 
for initiating an arc discharge. The most obvious difference 
in the XRD patterns is the high intensity peaks of the side 
phases such as hexagonal carbides and carbon in the case of 
the product obtained using carbon fibers. The results of the 
quantitative X-ray diffraction analysis are shown in Table I. 
The data show that the content of the cubic tungsten carbide 
is maximum and is about 95% in the product obtained using 
graphitization. The presence of tungsten carbide W2C is 
observed in the product obtained using carbon fiber. In 
addition to the phase content, the values of coherent 
scattering areas (CSA) were found, which showed a 
significant difference in the values of the cubic WC1–x phase 
from the values of the hexagonal W2C phase. 
TABLE I.  THE RESULTS OF THE QUANTITATIVE X-RAY DIFFRACTION 
ANALYSIS 
No. Phase content, % CSA WC1-x WC W2C W C WC1-x W2C 
1 78.4 1.8 18.4 0.8 0.6 35 15 
2 94.9 0.4 3.8 0.2 0.7 32 14 
 
 
Fig. 2. The typical XRD patterns of powders obtained by different ways 
for initiating an arc discharge: carbon fibers (1) and graphitization (2) 
Fig. 3a shows a bright field TEM image of the product 
obtained using carbon fibers. The material contains several 
types of objects. Objects 1 are the largest particles with sizes 
up to 150 nm. One of such particles in an enlarged form is 
presented in Fig. 3b. Analysis of a large number of such 
objects allowed them to be identified. Fig. 4a shows a bright-
field TEM image of a particle with the corresponding SAED 
(Fig. 4b), which is a set of phase reflections of cubic and 
hexagonal tungsten carbide in the form of Debye rings. The 
reflexes of the cubic phase have the greatest intensity. When 
the aperture diaphragm is shifted to the region of tungsten 
carbide reflexes WC1-x, the reflecting planes of a relative 
large particle 1 are observed (Fig. 4c). In addition, there are 
particles of medium size up to 40 nm in the product (objects 
2, Fig. 3b). In contrast to the sphere-like shape of the particle 
1, objects 2 are more pronounced in morphological type and 
close to hexagons in the plan. It shows the possible 
belonging of these particles to the hexagonal W2C phase 
contained in the product in an amount of ~ 18%. In addition, 
it is obvious that the large objects 1 and medium particles 2 
are in the matrix, which is identified as carbon. The carbon 
of the synthesized product can also be formed in the form of 
other forms, including 4 in Fig. 3c. These are the so-called 
pineapple-like particles, which are highly deformed particles 
of graphite [22]. 
According to the micrograph of Fig. 5, the product 
obtained using graphitization consists of particles 1 
overwhelmingly. A small amount of particles 2 is also 
contained in the product in the form of smaller particles. An 
important distinguishing feature is the absence of a carbon 
matrix, as well as carbon in other morphological forms. 
According to the combination of X-ray diffractometry 
and transmission electron microscopy, graphitization is the 
most effective initiating way of an arc discharge. It can 
apparently be explained by the physical processes occurring 
at the initial moment of time. In the case of graphitization of 
the insulator surface, preionization of the precursor occurs in 
the zone of plasma structure formation. The activation of the 
precursor at the preionization stage leads to a smoother entry 
of precursors into the chemical reaction zone and causes the 
effectiveness of the chemical reaction and the preferential 
formation of particles of the cubic phase WC1-x. In the case 
of using carbon fibers, an electrical explosion of carbon 
fibers as conductors occurs. It leads to incomplete 
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sublimation of the precursor to the plasma state and the 
amount of unreacted precursor phases increases in the final 
product of the synthesis. Also the hexagonal phases of higher 
and lower carbides (WC and W2C) are formed. The 
described process of precursor sublimation in various cases 
of initiating way of an arc discharge is close to the results of 
work describing processes in the SiC carbide system [15]. 
Fig. 3. TEM-images of the plasma dynamic synthesis product obtained 
using carbon fibers: a particle accumulation (a), typical particles (b), carbon 
structures (c) 
Fig. 4. TEM-images of the plasma dynamic synthesis product: bright-field 
image (a), SAED (b), dark-field image (c) 
 
 
Fig. 5. TEM-images of the plasma dynamic synthesis product obtained 
using graphitization 
IV. CONCLUSION 
The paper discusses the plasma dynamic synthesis in the 
W-C system. The ways of initiating an arc discharge through 
the use of carbon fibers and graphitization are considered. 
The results of analytical studies show that unique phase of 
cubic tungsten carbide WC1-x is formed as nanoscale 
particles with sizes up to 150 nm. The most effective way of 
initiating an arc discharge is the use of graphitization. In this 
case, the maximum yield of the cubic tungsten carbide WC1-x 
is up to 95%. 
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